INTRODUCTION
Reserpine is an indole alkaloid derived from Rauwolfia plants. It is used as a drug in the treatment of hypertension and severe agitation in patients with mental disorders (e.g. schizofrenia) unable to tolerate phenothiazine derivatives or in those who also require antihypertensive medication. Reserpine inhibits the uptake of catecholamines and serotonin into storage vesicles leading to their depletion in the central and peripheral axon terminals. The depression of sympathetic nerve function results in a decreased heart rate and lowering of arterial blood pressure. Reserpine has also sedative and tranquilizing effects which are thought to be related to the depletion of catecholamines and 5-hydroxytryptamine in the brain. Systemic administration of reserpine causes depletion of brain catecholamines, resulting in akinesia in rodents (5) . This movement disorder is due to the loss of dopamine storage capacity in intracellular nerve vesicles and is used as an animal model of Parkinson's disease. In this model, the motor syndrome is characterized by a decreased initiation and speed of voluntary movements, rigidity, and a hunched posture of the animals (6) . Reserpine in a single dose induces oxidative stress in striatum and prefrontal cortex of rats and significantly elevates the levels of glutathione disulfide and nitric oxide (3) .
Aronia melanocarpa Elliot (black chokeberry) is a woody shrub of the Rosaceae family, genus Aronia, native to the Eastern North America, now commonly planted in Eastern Europe. Aronia melanocarpa fruits are used for human consumption as juice, syrup, jam, and wine. They are extremely rich in polyphenolic substances -proanthocyanidins, phenolic acids and flavonoids from the subclass of anthocyanins. Aronia melanocarpa polyphenols possess high antioxidant activity investigated using different well established assays (13, 22, 23) .
The aim of the present study was to investigate in the effects of Aronia melanocarpa fruit juice on reserpine-induced hypokinesia and oxidative stress in male Wistar rats.
MATERIAL AND METHODS

Experimental substances
AMFJ was produced from fresh Aronia melanocarpa Elliot fruits which were crushed and squeezed. The juice was filtered and stabilized using potassium sorbate 1.0 g/l. it was stored at 0 °C till the experiment.
Before the experiments, the contents of polyphenolic substances in the juice sample were determined. The phenolic substances in 100 ml AMFJ were: total phenolics, 546.1 mg as gallic acid equivalents, determined spectrophotometrically according to the Folin-Ciocalteu procedure (21) ; total proanthocyanidins, 312.3 mg, determined by gravimetric isolation according to the procedure described by Howell et al. (12) ; phenolic acids (chlorogenic -58.5 mg, neochlorogenic -83.0 mg) determined by a high-performance liquid chromatography (HPLC) method at wavelength of λ=280 nm; anthocyanins (cyanidin-3-galactoside -14.4 mg, cyanidin-3-arabinoside -6.2 mg, cyanidin-3-xyloside -1.2 mg and cyanidin-3-glucoside -0.4 mg) determined by HPLC at wavelength of λ=520 nm. Agilent 1220 HPLC system (Agilent Technology, Palo Alto, Ca) was used.
Reserpine (Sigma-Aldrich, Germany) was used in the experiment as a 0.3% solution in 5% dimethyl sulfoxide (DMSO).
Animals Male Wistar rats with mean weight of 200±20 g were used. The animals were housed in plastic cages in a well ventilated room maintained at 22±1°C and on a 12/12 light/dark cycle. They had access to food and drinking water ad libitum. All procedures concerning animal treatment and experimentation were conducted in compliance with National and International laws and policies (EEC Council Directive 86/609).
Experimental procedure
The rats were divided in 5 groups of 9 animals: Control, Reserpine (R), R+AMFJ 2.5 , R+AMFJ 5 and R+AMFJ 10 . Reserpine was applied as a single intraperitoneal dose of 6 mg/kg (as a 0.3% solution in 5% DMSO, 2 ml/kg) to rats belonging to groups R, R+AMFJ 2.5, R+AMFJ 5 and R+AMFJ 10 group while the control group was injected intraperitoneally with 5% DMSO (2 ml/kg). AMFJ was applied orally through an orogastric cannula three times (on the 0 th , 19 th and 23 rd hour after reserpine administration) at doses of 2.5 ml/kg, 5 ml/kg and 10 ml/kg to groups R+AMFJ 2.5, R+AMFJ 5 and R+AMFJ 10 , respectively. The index in the group name indicates the AMFJ dose. The control group received distilled water (10 ml/kg) at the same time points. After the experiments, the rats were sacrificed under anesthesia with diethyl ether.
Open field test (OFT)
OFT is a common measure of exploratory behavior and general activity in rodents (10) . It was performed for 5 min in an arena (100 × 100 × 40 cm) painted white except for 6 mm blue lines that divided the floor into 25 equal size (20 × 20 cm) squares. Each animal was placed in the center of the uniform-ly lit arena (60 W lamp) and its behavior was observed in silence for 5 min. Behaviors recorded were: crossings (the number of lines crossed with the four paws) and rearings (the number of times the animal stood on its hind limbs).
Thiobarbituric acid reactive substances Brains of rats were homogenized with ice-cold TRIS / HCl buffer at a weight/volume ratio of 1:10. The homogenate was centrifuged at 3000 x g rpm for 10 min and the resulting supernatant was used for biochemical analysis.
The content of the thiobarbituric acid reactive substances (TBARS) was used as a marker of oxidative stress in brain homogenates of the animals. TBARS were determined colorimetrically by the method of Ohkawa et al. without modifications (18) (λ = 532 nm). The method measures spectrophotometrically the color produced by the reaction of thiobarbituric acid with the lipid peroxides. Aurius 2021 UV-VIS spectrophotometer (Cecil Instruments Ltd, UK) was used. TBARS were determined in nmol/g tissue. Malondialdehyde, the major reactive aldehyde resulting from the peroxidation of biological membrane polyunsaturated fatty acids, was used as a standard.
Statistical analysis
Results are presented as mean±S.E.M. The data were analyzed by one-way ANOVA, followed by Dunnett's multiple comparison post test to identify significant difference. All analyses were performed using GraphPad Prism statistical software. A level of p<0.05 was considered significant.
RESULTS
Open field test
The results from the OFT are presented in Fig. 1 . Reserpine induced a significant reduction (p<0.001) in both horizontal (2.8±1.1 for R group vs. 40.2±7.4 for Control group) and vertical (1.0±0.5 for R group vs. 18.2±2.8 for Control group) locomotor activity of rats. AMFJ caused a tendency to increase locomotor activity of reserpine-treated rats. The horizontal activity of AMFJ-treated rats was respectively: for R+AMFJ 2.5 group 11.6±6.3 (about 4 times higher than that of R group), for R+AMFJ 5 group 3.2±1.4 (almost equal to that of R group) and for R+AMFJ 10 group 11.3±5.5 (about 4 times higher than that of R group) (Fig. 1A) . The vertical movements were 4.3±2.1 (4.3 times higher those of R group), 2.1±0.9 (about 2 times higher those of R group) and 4.0±2.4 (4 times higher than those of R group) for R+AMFJ 2.5 , R+AMFJ 5 and R+AMFJ 10 groups, respectively (Fig. 1B) . These results showed that the locomotor activity of rats belonging to R+AMFJ 2.5 , R+AMFJ 5 and R+AMFJ 10 groups was not significantly different in comparison with that of R group. .8 nmol/g ). The concentration of TBARS in the brains of rats treated with AMFJ before reserpine did not differ significantly from the control level. They were: 18.4±1.1 nmol/g for R+AMFJ 2.5 (71% of the R group level); 20.6±1.7 nmol/g for R+AMFJ 5 (80% of the R group level) and 20.5±4.0 nmol/g for R+AMFJ 10 ) (79% of the R group level) (Fig. 2) . These values were non-significantly lower than the brain TBARS of animals belonging to R group.
Fig. 1. Effect of Aronia melanocarpa fruit juice (AMFJ) at doses of 2.5, 5 and 10 ml/kg applied three times after reserpine (R) administration on the horizontal (panel A) and vertical (panel B) locomotor activity of rats
DISCUSSION
The main bioactive substances in AMFJ are polyphenols -proanthocyanidins, phenolic acids and flavonoids from the subclass of anthocyanins. The main AMFJ anthocyanins are glycosides of cyanidin. Recent studies have shown that polyphenols from berries can cross the blood-brain barrier (1, 14, 19) and do accumulate in the brain following long-term consumption (24) .
In this study, the OFT showed a significant decrease in locomotor activity of reserpine-treated animals. Reserpine-induced hypokinesia can be explained by the ability of the drug to block irreversibly the vesicular monoamine transporter (VMAT) (11) . This results in inability for norepinephrine, dopamine and 5-hydroxytriptamine (5-HT) to be deposited in their presynaptic vesicles as a consequence of which these mediators are metabolized by the enzymes monoamine oxidase (MAO) and catechol-Omethyltransferase (COMT). MAO exists in two similar molecular forms -MAO-A and MAO-B. MAO-A has a substrate preference for 5-HT while both forms act on norepinephrine and dopamine. The depletion of norepinephrine and 5-HT in the central nervous system leads to depression while the depletion of dopamine leads to drug-induced parkinsonism characterized by hypokinesia, muscle rigidity and orofacial dyskinesia (2) .
In rat brains, reserpine increased significantly the TBARS indicating that it induced oxidative stress in the treated animals. Dopamine VMAT blockade by reserpine promotes dopamine oxidative catabolism by MAO (9) . As a result, dopamine-quinones and hydrogen peroxide are formed leading to oxidative stress (4, 17) in areas of the brain rich in monoamines such as the basal ganglia which are more vulnerable to free radical damage (15) . The neuronal damage of the basal ganglia is associated with damage of voluntary movements (7) .
AMFJ antagonized reserpine-induced oxidative stress as a result of which the levels TBARS in AMFJtreated rats did not differ from the control level. AMFJ is extremely rich in polyphenols which are powerful antioxidants (8) (9) (10) and this may explain the reduced oxidative stress. In this experiment, AMFJ also partly antagonized the reserpine-induced hypokinesia. At that moment, there is no reasonable explanation of the fact that the dose of 5 ml/kg had lower effect on locomotor activity in comparison with the effects of the doses 2.5 ml/kg and 10 ml/kg. The antagonistic effect of AMFJ on reserpine-induced hypokinesia might be explained with a possible inhibitory effect of AMFJ polyphenols on the activity of MAO. This hypothesis is supported by data from experiments in vitro which have shown that the main anthocyanins in AMFJ (cyanidin and cyanidin-glycoside) inhibit MAO-A and MAO-B (8) . There are similar data for green tea polyphenols as inhibitors of MAO enzyme activity leading to an increase of monoamines in rat C6 astrocyte cells (16) . The results from this study are also in accordance with data from another experiment showing that the phenolic gallic acid 
CONCLUSION
The results from the present study demonstrate that AMFJ administered to rats after reserpine prevented reserpine-induced oxidative stress and partly antagonized the effect of reserpine on locomotor activity. This effect might be due to the activity of the polyphenolic ingredients of the juice acting as antioxidants and probably as inhibitors of MAO.
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